Abstract. The main subject of this study was to establish a meaningful significance of the acoustic emission technology to be incorporated in the pedicle screw fixation procedure. Its purpose was to find a replacement technique using the acoustic emission technology instead of keep using the conventional way which only depends on the surgeon's expertise. The experiment of pedicle screw fixation method work was carried out on a goat's vertebrae as a lab scale material instead of the human cervical vertebrae. While the experimental work was done, the acoustic emission signatures were then acquired using the Physical Acoustics acoustic emission data acquisition system. Once completed, the acoustic emission signatures were then analysed using Matlab software together with the AEWin software package. From the results obtained, the numbers of data counts are generally bigger for the pedicle screw fixation procedure at early stage of bone penetration compared to the latter. It is significant to the different structure of bones as hard bone technically takes more time to be penetrated compared to the soft ones. This technique undoubtedly has high potential to be studied further so that it can be commercialized into the medical field.
Introduction
Bones cover most part of human's body. When a human being is born, there are over 270 bones in an infant's body [1] but many of these fuse together as the child grows, leaving a total of 206 separate bones in an adult. The strength of bone is correlated with bone mass but is also influenced significantly by other factors such as structural properties of the matrix (e.g., collagen mutations) and the mineral [2] . Bone structure is built of two types of bone which are compact or cortical and spongy or cancellous bone. In the entire skeleton, 80% of bone is composed of cortical bone and only 20% is cancellous bone [3] . The compact bone provides bones strength in which it consists of tightly stacked layers of bone that appear to form a solid section. The difference between the two of course is due to the presence of pores or the vacuous spaces that are related to the canaliculi, osteocyte lacunae, osteonal canals and analogous non-mineralised architectural features [4] . Opposite to the compact bone, spongy bone has more porous, lightweight type of bone with an irregular arrangement of tissue which allows maximum strength.
Pedicle screw fixation procedure has become an increasingly popular in spine replacement. Acoustic emission (AE) is an acoustic wave generated by the release of energy from localized sources in a material subjected to an externally applied force. This technique may be used nondestructively to analyze tissues, materials, and tissue interfaces. Applications of AE include use as an early warning tool for detecting tissue and material defects and incipient failure, monitoring damage progression, predicting failure, characterizing failure mechanisms, and serving as a tool to aid in understanding material properties and structure-function relations [5] . These unique capabilities can also be utilize for bone density classification; compact or spongy. In tissue engineering, bone can also considered as a complex nano-composite materials and it can realese AE signals if it is under excessive stress or impact [6] .
Methodology
The experimental work was carried out using a goat's vertebrae. The vertebral column consists of a series of irregularly shaped bones, some fixed and some movable. There are 7 neck (cervical) vertebrae, 13 chest (thoracic) vertebrae, 6 or 7 lumbar vertebrae, 4 pelvic (sacral) vertebrae and between 4 and 8 tail (coccygeal) vertebrae. It was chosen instead of bovine vertebrae to replace the human vertebrae based on the fact that the bone structure is less hard and easier to be penetrated during experiment. Special tools were used to penetrate into the pedicles which were known as pedicle probes. It comes in three different types depending on its unique function which were starter, sound and pedicle probe as in Fig. 1 . At early stage of the experiment, the entrance to the pedicle was marked using the starter probe in order to make a hole or path for penetration. After that, pedicle probe was then utilized to penetrate through the pedicle. Sounding probe was then used to determine the hole depth and sounded the cancellous bone within the cortical tube of the pedicle. During the pedicle penetration, the acoustic emission signals were acquired at the same time using the AEWin acoustic emission data acquisition system. It consisted of an acoustic emission sensor, preamplifier, main supply and AEWin software package to record and monitor the signals. In this case, the sensor was attached close to the location of penetrated pedicle to assure the results' accuracy. The experimental set up is shown in Fig. 2 . 
Results and Discussion
The acoustic emission signals were obtained during the whole stage of pedicle penetration. As a result, the acoustic emission characteristics or parameters including maximum amplitude, energy and rms were acquired. The maximum amplitude parameter distribution is shown in Fig. 3 . The figure represents the data obtained for the first round of pedicle penetration method. Different groups of data were formed at certain time duration as can be seen in the figure. For each groups of data, the maximum value of each acoustic emission parameter is shown in Table 1 . At the duration of between 0 to 10 seconds, the number of hit was quite large which was 33 dB. As for other acoustic emission characteristics, the maximum energy at the same duration was 10 dB, maximum amplitude was 58 dB and rms was 0.0008 dB.
The physical activity at the time duration was the entrance marking done by the surgeon using the starter probe. As the acoustic emission is an event-based technique, the large number of hits might be caused by the breakage of the outer cortical bone tissue. The following activity on the pedicle at the duration of between 24 to 30 seconds was penetration into the cancellous bone resulting the breakage of the bone at the bottom part during 35 to 45 seconds duration of time. The maximum amplitude during the pedicle penetration was 57 dB, with 8 dB of acoustic emission energy and 0.0004 dB of rms value. When the bone started to break at the bottom part, it produced the highest maximum amplitude of 67 dB at 35 seconds with value of energy of 14 dB and rms of 0.0012 dB. From the frequency domain analysis, the frequency value obtained for the data is 5.6 Hz.
Time(s) Fig. 3 . The maximum amplitude parameter during the bottom part pedicle breakage Fig . 4 shows the maximum amplitude of acoustic emission parameter that represents the pedicle breakage at the middle part of the similar hole but in different penetration angle. Table 2 shows the value of the acoustic emission parameters during the pedicle's middle part breakage. Unlike the previous penetration process, this penetration exhibited a different outcome as the acoustic emission activities were less obvious compared to the first pedicle penetration. There was only two acoustic emission events occurred which were during 1.3 to 1.4 seconds and 1.9 to 2 seconds of time durations. The highest maximum amplitude occurred upon the breakage of the middle part of the bone with the value of 69 dB and energy of 10 dB. This might be caused by there was not much stress occurred during pedicle penetration as it already existed from the previous process. It only
Noise, Vibration and Comfort increased upon the bone's breakage when there was a change on the bone's internal structure. This also lead to low level of frequency value which was only 2.8 Hz.
Time(s) Fig. 4 . The maximum amplitude parameter during the middle part of pedicle breakage As the acoustic emission activities differ every time the pedicle probe hit different part of the bone, it resulted to different outcomes. As in Fig. 5 , it shows 2 acoustic emission events that represented the activities of penetration and breakage of the bone's rear part. This process was still in the same hole but intentionally directed to different angle to the rear part. The value of the acoustic emission parameters is shown in Table 3 . The first group of data produced the highest maximum amplitude compared to the second data group with the value of 69 dB. It was because of that the probe just hit the cancellous bone at duration of 5 to 15 seconds and finally broke the rear pedicle at duration of 28 to 45 seconds. The frequency for this process was 19.7 which was the highest of all three data. 
Conclusion
From the overall results, it is obvious that the acoustic emission events only occurred at the time of significant physical activity on the bone tissues. The results in Fig. 3-5 showed that different angle, direction, type of probe, location of the bone produced meaningful acoustic emission signatures. Apparently, the acoustic emission events occurred more frequent in cancellous bone compared to compact bone as can be seen in the figures. It might be caused by the structure of the bone itself in which cancellous bone is porous and provide less stress to the pedicle probe during penetration. Though the time domain analysis could not come out with accurate results, it can be converted into the frequency domain to obtain the dominant frequency of each tabulated data. Thus, the frequency domain analysis of acoustic emission signatures can be further utilised in order to come out with a proper monitoring system for the pedicle screw fixation procedure commercially. This is proved by the value of frequency for all of the three tables where the highest frequency was 19.7 Hz.
